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tion\ rnc'rre etficrcntly wlirle suit,irn~t\g pxuo~fi en\~tlonmciitdI rc\ot~icc\ 
To clebelop A iriethocl tir,it ucei, nulrterit\ inore eiticietrtlj on cotton, a 
ticld expcrrmcllt 111soI\ ing thtcc iotrrcci ,inti tilice rdits of tlrtrogcj! uith 
,mil witfrout nttr ~l~ctition ~r-rh~b~tol w,i\ c;irrled out tn four rcplicaiioni at 
Belle M~n't, ,\I, dur~ng the 1993-97 clop \c,i\on\ fn  19917, thew ploci 
\$ere uied to de~ertnlnc i l  tha-c M A  <I relalionihrp hctwcen remotely 
\en\& hype~\pectr~tl ieflect,~nce dat;~ dr~d three trelcl nies\uremetrt\ that 
~ncludeci cotion ledf clllolophyll (tiefined ;ti tneaiurenlenti of fi\e leaves 
t~\rng a Miriolt,i Chloropl~yll SPAD Meter to represent cotton c'inopy), 
ioll riltrdte-nittogen. ancl cotton jleld. Our reiulti ihowecl that hyper- 
\pcctial ret1ect;tncc rn thc 807 (3 ntn legion had the hrghc\t argnrficalit 
cox-rel,tt~on cb~tli cottoil leaf chLo1opliyI1 Cotton le,tl chlo~ophyll ctrrre- 
I,itcd sr~n~trcdntly u ~ t h  \oil nitr'tte-nit~ogcn ,ind cotcon yield 13ec'tuic 
lcaf~chl~r-opl-tyll i s  ail ii~dicati)roI'nitrogen dcticiency. our results suggcst 
that hypei-spectral ret'lectance may he used as a tool to help farinei-s de- 
[.ermine nitrogcil det'icieilcy. wt-~iclr inay subseclt~eiltly lead lo increased 
crop ~wductivicy 2ind retiuceci envir-onrnental pollutiorl. /:\i.iic.lc c.opicss 
~li '(~i111hlt. for ( i  jCc: ,ji-on, Tilt, I-l~ii,or-rll L)or.~tmcnt I)r,iivcsry S p ~ - i ; i ( . ( ~ :  
I-800-lt,11tTOR73r'. 1:'-rlitril czcldvc,.rs: <~tloc~d~~livcrv(~l~n~vo~.tizyrr~~,sr.c~onr> C%h- 
sitc,: < ~ / ~ I / / J : / / ~ ~ ' L ~ . ~ L . . ~ ~ ( I C ~ ~ O I ~ I ~ I P ~ ~ P C \ . . ~ ~ ~ ~ ~ ~ >  4 1  200.J 11). 77ic. Ilrcri,oi.iir t' i.c~s.s. In(.. All  
r.igi~r s r.rsc,rvc,tl. / 

KLY W0KI)S. Kernt.r~e seni,lng. h>  per ipectr,il cl,~to. (;IS. rtoulti y Irtier . 
pi eu\ton cigrictilttlrc 

I-itgh nitrogen Input5 '11 c com~notily u\cd In modcr n crcy prc)dcrc~ion 
t'ht\ ha\ trtin\lated into h ~ g h  leveli of product i \~ t> that woultl Ilave 
\ccmccl tmprohablc 'I lcw dcc*(idei, tigo i \ ' ~ n  T:\ et dl , I O O I ) .  I n  the pa\t 
t h ~ t t p  yetti-\. for ex:imple. the average annual yield\ of cotton rn tl~c 
l l t i~ tcd  Stale\ hil\c doubled Tl11i incre'i\e t i1 yield i \  prlrndnly due  lo 
the u\e of iert~ll /er\ ,  irllg,ttton, pe\ricicie\, a~i t l  he th tc~de\  liniortu- 
ndtely. thew rcchnctlogrcal ad\ :zncei, 1 1  not calefullq ro,inc~gc.ct c.,u~. and 
I I I  4 0 1 1 1 ~  ~ & I \ I C ,  I I I C U ~ I C C ~  en\  ~~onmcut ; t l  cc)\t\ Fol exnrnple. fcr ti117- 

el \ :~pplred to Irnpl o\  c clop pr-oclucttorr ha\ e hecri tound tn i u ~  face 



and/or groundctater, w ~ t h  pos\zhly damaging coiiicclucnc~c\ Nrtiatc-nr- 
trogcn t ron~ fertllr;.ers r i  a m~rtiespicad conta~nrnant ctt ground ; tnd  \ur- 
face M ,iter\ \ivorId~ I C ~ C  (Keenel. 1980) Furthe~mrtre, nr~rdte-nrtr-ogen 
Icaclirng trom different pornt dnd non-pcllnt \ources ti;\\ been fou~icl ro 
exceetl thc l i S  cii~nl,ri~g ucitct gtanda~d of 10 ppm tiitrdle-111trogen pcr 
I~tcr of wnrer ( l '  S FPA. 1970. Kccney. 1986: C;oltl ct a1 . 1900) 

Eliot\ etcr,  pi ecl\lon a21  culture. site-\pecif~c ~ppl~cdiron ot rnputls 
tnilored to the need\ of the crop. 14 one 01 the new uny\ / I i < ~ t  ir~octern dg- 
r-rcultu~e coulcl potent~ally r-liartitain or enhance crop y~eld \  and rnlnl- 
nilre envrionmerit&l pollutron. One method of p t e c ~ v o ~ ~  ~agr~cultiirc I \  to 
u\e mult~\pectral and hyperspectral remote senslrig. hlult~\pectral and 
hype1 spectral renlotc \en\ing can be used to prograni variable-rate tecli- 
nology equipment In applytiig productron ~nput \  SLICII &\ water, pescl- 
clde\. and fc'rtllt/er\ (Widlace, 1994). Multlcpectral and hyperyxctral 
remote sensing assecs crop conclitictns by theit cpectral clgnature. a 
mcawre 0 1  clcct tc~~~agnct ic  energy ~cflectcd Irom the ctop. I e:~( chlo- 
rophyll content 1s a rnalor factor that dictate\ the dmount of energy re- 
flecreti dnct cdn be gc>od ~ndrcalor of crop health. CL \tlci\ed lcaf would 
hace low chloiophyll content. 'I't-ie di\:itf\arrtagc of most rnultrrpectr-ztl 
\ e n \ o ~ s  1s that they take one mea\urernent otter d wlde portlot1 of cach 
nn;ijor uavelength hand, suclt as vi\ible blue. near uifrd~ed, ctc., whereas 
hyper\pectral remote sen\ing measures energy rn nuruelou\ liarrow 
uii~ts of cach band, whlch allows for cletectiorl of small chai?ges lrt crop 
c11ern1c:zl arid phqiical chainctcrr\t~cs More importantly. liypet ipectrnl 
I-crnote \ensing I \  le\s re\earckiietI ~han  ~n~tlt~spectral remote s e n w g  
technologp Thei efole, the objective\ of this iesca~ch project werc  
( 1 )  lo cicte~rninc the iclat~otlshrp\ 1~ctwecr.t I iypei~*pect~~I rcilectance 
ti:lta, cotton leaf chlorophyll. \oil nttrate-nitrogen, and cotton yield, 
( 2 )  1 0  ~ \ ~ d l u ~ t t f :  ~f the fpnti,tl r e l d t i ~ ~ s l i ~ p  01 one fidd nieasurcii~cnt c.,irl 
be u\ecl to cleteirnzne t11e other, &lid (3)  to determ~iic the optlmurn fertrl- 
I/er I ,ltc to i tc l~~evc npt~~iiurn cotton y~cld.  

Expcrimenlul IJesig~? urzd Soil Dnfu filleciiorr 

A cotton f ielil cuper ltnenr u,i\ cotiductccf st the 121d13alna /\gi icui- 
rutdl Expcr~~nent  Stat~on. Belle Mina. A t ,  \itua~ed dt 14" 41' 1:itrtudc 
2nd  Xh 52' 30" Iougrtude ort ,I Dec;ttut- srlt loam (lJltr\ol) tlut-~ng the 
1094-1007 cr-op \e;~\on\ The c x p ~ ~ r i ~ n c n ~  \va4 la~cl out 11-1 :) r;trtiiomr/eci 



complcrc hlock design (RCRII) M ~ t h  20 treattncnts dnd four ~epl~crllion\ 
'file trecirmerits inclucleci thtce souices of riitrogeri /urea. flesh poultry Ilt- 
ter (I-tsL,), and compo\ted poultry litter (CPL.)], and thr-cc nitrogen rate\ 
(30. 80. <tnd 120 kg N ha I ) .  nitti ant1 wrtliout a nrti-lt~cat~orr irlh~brtor. 
calboxymcthyl pytd/ole (CMP) npplrcat~on In adciirron t o  illis (7 X 7 Y 
2 treatment\), two control plots. ( I )  no nitrogen ant1 no CMP and (11)  no 
nltrogen 'ind CMP t~eatment. were included. thus l'o~rning a total of 30 
tiei~tinents. Thr\ variation ~n nltrogen addltion create\ bar~ous llealrh 
conclitioni for cotton, ranging frorn strc\ictl t o  ovel fer11 lr/atitrn These 
treatments wele inrtratcd In I994 Rased on  lnrt~al soil chem~cal analy- 
\is In 1993, a blanket appltcation of 336 kg ha ot 0-30-30 NTJK fertil- 
rLcr was dpplle~l tzs a basal dose to all plot\ (resulting In 67.2 kg ha-' ot 
P,f )i and K,O). It was applied to rninln~~rre the effects of P and K ad&- 
[Ion\ throug% p ~ ) ~ ~ I t s y  11tter applrcation. Also, to correct Ca and Mg defi- 
ciencreu, 3359 kg ha ' of' dolomite lirnestotie was applied in 1994. 

All treatment\ welc nppl~ed on the wrne plots each year. Fertilr/er- 
arid poultry litter. wel t  Itand-bi.oadcast and mixed into the \oil hy a culti- 
\,itor ;it ,ibout 5- 10 cni depth. Alter cotton was harvested, plant\ bere 
clitrppcd cii~d di\kcd back into the so11 

Each year, fre\h poults)/ litter n,i\ collected from ne'trby poulrty 
farills atid Cl'l. \\a5 prepared at the 'l"enneisee Vdllej Authority (TVA) 
facrlrt~cs at Mu\cle Shodls, AIabam:t The pouluq I~rter was cornposted 
for a rota1 o f0  inonrlis. Availabll~tj of riitrogeri froin both C'PI, dlld FP'L. 
during the first yea1 was e\t~niated at 60% (Keeling et a1 . 1995) The 111- 
tEogcn contenl tn FPl. wds 3.8(4,2 6%. 2.4'%, ant1 2.3+. re\pectlvcly, in 
1993. 1995. 1990, dntJ 1W7 S~rnrlat rewlts in CT'I* we!-e I 8%? 2 3%, 
9 % .  1 2. I k fhe nit1 ll~c,ttron rnh~brror. ('Mt" appltctl at 0.56 
kg h , ~  ' :I r in $1 50/50 \elution of ethanol ancl acetone ie\ultrng In a total 
ot I lh nlL, so lu t lo~~ per plot. Ured, I:PL oi ('1'1. ucse nilxed thoroughly 
u it11 C'MP bctole npplrcalron. 

C'otton cultr\nr IlPL,-3313 Lvas planted on hldj 8, 1907. Cotton 11nt 
jicld wL1s est~rnatcd li-on1 the two central t ' ov~s  ot each plot 

In 1 W'. ttrul \arrtpllng porntj w c ~  c cst,tbli\hed per plot. Ill per - 
sj3ect1aI reilectlince data, cotron leat chloroptij I I  content, 'tncl soil m n -  
plcs were rakcn at two ol the tour sdmpling polnts 

So11 core\ were collected lit thc wcontl growth of c ~ t t o n  ( 15 
ueeks ,iite1 pl'tntulg) u\ing a two-rnch diarneter Ciidchngs probe at 0- 15 
ctrl 'l"liese snrnples wcte scaleci in pl,istlc hags, tcturned to the labora- 
to1 y, and pl,tced In the iclr~gerdtor before pcrlor~nrng tiitlate 'tnalyses 
N I ~ I  ,tie dn'tlj \es wcrc 1~1edsui ed ~isiiig the pi oced111 c de\ ~ 1 o p ~ ' d  b j  1Itck 
&nil Tdbat:tbai ( 1 07c1;ri 



liiing [lie Mtnolta Chlorophyll SPAD Meter (Chapman and Brtrrcto, 
1997). cotton lc.al chlorophyll content \vas rncas~rrctl on t l tc  rdntfoinly 
selected lcaves i'ivhrcl.~ repre\ented the canopy). An aterage 0 1  the five 
readtngs iron1 the SPAD meter was rake11 to el  alu'lte the relat~on\hrp 
h c t ~  cen hypefispectrnl rcflcctancc data, \oil 11111 ate-nltrogcn. and cotton 
y~eltf Cotton leat chlorophyll nieasni einenrs wete tithen cluring the sec- 
ond itagc of cotton growth. 

A nttrogcn sill tictency index was per tot med {lorn cacli t i  calrnent 
The 12(1 kg N I I ; ~  1 tr eattncnt was u\ed as the reference treatment The 
cyrratron IS as lollow\: 

N sufficiency intiex = average hulk reading/avei.age reference 
rcading X 100. 

H y p e q e c t r u l  Ilcttci C'ollcclion und Ailrrlyses 

A 252-band pot table radtorrretct iS1; 5 0 0 )  \vets used to collect the 
liypm\pectral reflectance data apl~roxlrriately I ' /2 IIICICI ; I ~ O V C  the cot- 
ton canopy. The specriic palametel s of the SE-590 por-tahle field spectro- 
r,lcirornctcr :ire d\  follotv\: wavelength -300 to 1 100 nm. \p~,ctr-al rew- 
lut~on -- 4 0 nrn, :md fielci of vlew 15' 

Two readrng\ were tahen rn each plot \r~nultaneo~r\ly wtth the leaf 
chloioph>lI dald collectloti. C'al~hiatiun data ~ d 4  coIIecIe~1 usiilg a 
ref1ecr;ince pallel after every forty readings. The hyperspectral data wa\ 
stored tn a data logger ancl tahen hack t o  the retnote sensrng Ial7orator-y 
ill Alabarr~~t A&M 1Jnlversrty fol clnalyscs 'I'hese an:tlyses ~ncluded cor- 
1ccr111g tile hyperspcctriil ref1cct;tnce data by I-eferenc~tig ~t to tlie call- 
1,rrired clata :tnd pel torrning \tatist~cal analyse\, 1.e , conel;it~oris (Pearson) 
betucen hyperspectt al reflcctdrice tl,it,i 'i11fl cottori led1 ch101oph) I1 iron1 
c,icl~ plot L I \ I I I ~  SAS (SAS Inst , 1?X7), '~rlci \p,kti;~l disttrb~rtlon 11jpc.t- 
spectral I ell ccrance data and the three f~eld rneaxulet-trents uvng Gee- 
graphrcal liilorrnatron Syitern4 (GIs)  \cll-'twa~ e 

'I'hc SPA[> nictci rx\c\ light at two tlittercnt ~~ive lc r tg th i  to deter- 
tiilne Ic:d clllorophyll contcrlt One i i  In thc tie,ir rnfrdrecl at 920 ntii, 
\&l.trch delc~rnrncs hou much light goes through thc lent. The otliel t \  



rctl ,11 650 nm, wh1c11 ~ ~ 1 1 1  he rmpedcd by chlo~ophjll  'The ratlo of thc 
!ight ftansrnirtdnce dt these t u o  \b,~vcicngthi t i  cornpareti to the ratlo tie- 
le11111rled u rth no ianiple Thi\ ~nformalron 1s then u\ed to produce rei'l- 
rix7e ci~lo~opliyll cotitent In the leal M'l-~eu the le,tl clilorophyll content 
data SI oil1 the SF'AD rnetcr were cornpd~eci l o  Iiype~ ipectrdl t ef lectance 
clatCl, tlie \pcct~,ll region that be\t tnc1ic;rtcci small char~gei, I I I  the amount 
ol Ic,if chloropliyll u'ts lound bctueen 776 and 817 nrn The iirghc\t 
cor1 eldt~on M A \  o h i c ~  ' ~ e d  lor the \pectral b;tntl ol 807 6 rirn (r,~tc\ ct '11 
( 1  965) and S ~ n c l a ~ r  et '11 ( 197 I )  have reported that internal leaf it] uctiire 
I \  tIrc dorntnatrng factor that contloli \pectral re\ponscs of vegetat~on rn 
the neat- i~itr~ired However, there is a link between leat chlorophyll and 
\trrrcturc I f  a le'tf chlorophqll molecule 1s iiltcred because of nitrogen 
def~clency. t h ~ s  changes leaf cherr~istry (e.g . color) and can suhie- 
qiictltly change lcaf structure (i.e . lcaf moi\tru-c and alr space\). 

'This relatronsh~p between Iiqperspectral reflectatice and leaf cl~loro- 
phyll wcl\ signifreant at 1hc 99% coni'rclcnce level (Table 1 )  I,caf chlo- 
rq)tiyll and ioil nitrate-riilr ogerl correlated s~grti t~c;tntly to  each other 
and to cotton y~cld.  'The moit srgnr l ~ c ~ t ~ ~ t  correl:itton was I ounci bct\lieen 
\ ( X I  nitratc-nitrogen anti cotton yield Althougl~ the Images rn Figure I 
cio not match euacllq, \orlie general 1nterprel~ttlctt7i can he made l ron~  
the ij-7a11d1 ixrrage\ The ~riterpoiat~on of dl1 images wa\ (lone by us~ilg 
the nearest ncrghbor method. whrch as\rgns kaluei to each cell 111 the 
spatla1 output b j  u e ~ g l ~ t ~ n g  the xalue ot each polnt by the cli\t:incc that 
[x~int  1s ft 01x1 the cell berng analy~ed dncl tlie~l ldkrr~g llle ~t'i'elage of the 
value., Furtherlno~e, F~giire I ~ndrc'itt>i that there I \  not a trsible rela- 
t ~c~nih tp  between h \  pcr\pe~.tr al ref lectancc data anti leak cl~lot ophq l l  
iiio\k~e\cr. tlypcrspectral tcflectaticc doe\ cirrreldtc irgnrtrc:~rrtly (0 26, 
p < 0.01) urth Icat chlorophyll ('1,lble 2 )  Tlie be\t-fit regrr\\ion model 
fot hyjjcripcctr;ll reSlcctance (ba~id 807.6) a id  lec\l, chloiophyll 14  y = 
0 1 1 % + 0 133. r2 = 0 06. hl~lxough the r' \;due in very sm,lll, there I \  a 
\ignrf~c,inr r ~ l ~ ~ ( ~ o n \ h ~ p  b e ~ ~ c e t i  the two \'~rr~ible\, ( h u j  iniplyi~lg tkdt  
hypen\~'ectt .'I ref lectctnce may be used to predict leaf chloi ophyll Ixdt 
ch lo~ ophj I1 can be usccl to pret11c.t \oli nitrate-nlliogen ,~nci cotron yicld. 
u it11 beit-I tr legre\sron   nod el of y = 0 8 1 I Xu 0 12. r2 = 0 13 arid y = 
O 0 3 6 9 ~  t 73 8 1 ,  I ?  = 0 32. I-ecycctrvcly 

f o n  cor rclatron \ alriex cdti 1-x attributetf to  the co~nrnon er rill \ In re- 
cording hyper\pectral iellectance dat ,~ using the SE-590 ,+nd leak chlo- 
rophyll contenr For exdr-rlple, measured leaf chlo~ophyll nTa\ cnllcctcd 
flom the ouler portlon ot S l ~ e  leartes uhiie the hyperspectral data 1s col- 
lected irorn a nurtlher ol leaxe\ ;lnd thclr s~tri~undirtgi.  \.t.liich 1~11ght In- 
cir~cle hale soil 'Tlir\ u\uall\ rc\ults In :I clecred\e i r i  the accuracy or  



TABLE 1.  Correlation between hyperspectral reflectance (wavelength) and 
cotton leaf chlorophyll at 15 weeks after planting, Belle Mina, AL? 1997. 

Wavelength (nm) Correlation (:b) -- 

TABLE 2. Pearson correlation coefficients between hyperspeciral reflectance 
data, leaf chlorophyll, soil nitrate-nitrogen and cotton yield, Belle Mina, AL, 
1997. 

Hyperspectral Leat chlorophyll Nitrate-Nitrogen Yield 
data content 

Hyperspectral data 
Leaf chlorophyll 
Nitrate-Nitroaen 

'Significant at p .c 0.01 

I~yperspectral reflectance clata and low correl;ttioti betweer1 the\e data 
anci leaf chlorophyll content (Campbell, 1996) Another hctor  that con- 
t t~bute\  Lo the low acculacy of hyper\pcc~ral reflcc~dnce data dnct low 
coi i elallon amonf the tm I) pa1-3111eters mcntiorted dbo"~ e I \  that vegera- 
ti(>n canopies dl-c con~posed of man} layer-$ with leaves that vary in s ~ ~ c .  
\hapc, oiicntat~on to the Senwl, dilcl vigctt In addltron. the uppet Iedtcs 
cieatc shadow\ that ma\k the lower leabe\, dec.rea\~t~g their retlectdnce 
characteitsttcs. The ovetall spectral t.cflectance recorded by Lhc hyper- 
ipectral insttument 1s ultin~~tteiy a cornb~nattoil of these factor\, which 
may resulr 111 311 average reflcct~itlce value that may not be repre~cnta- 
t l \ i .  of any ~ncii\iclu;ll leaf of a i~ngle  pldnt To rninlrni/e the effect of 
thew filctori, a I'trgc nuin1~i.i of leaves from dtfkrent layer\ oi  thc plant 
\hould be sarrlpled lot ctetermining lcdf chlotoph~il 



FIGURE I .  Spatial distribution (images are I00 '.. 150 m) of (a) hyperspectral 
reflectance data (band 807.6 nm), (b) cotton leaf chlorophyll content; (c) soil ni- 
trate-nitrogen concentrations, and (d) cotton yield. 

tlyperspectral Reflectai 



Nitrate-Nitroacn laam) 

Cotton Yield (kgil-ia) 



l'llc tredtmcnt design of lhii cxpcrimcnt was donc to crcalc vdri,ibil- 
ity that I $  seen In arahle I~eld\  Howecer, alter 30 kg 0 1  nltrogen addl- 
tion. there was little \anab1111y in 11ie mean value\ of ioil nitrlite-nitro- 
get?, leaf chlomphyll, and cotton yielcl (Table 3 )  T h ~ i  could he due rn 
part to cxceii nitrogen accumulation over timc in the treated plot\ Ac- 
coidrnglj, the nitrogen r n h i h ~ ~ o ~ -  did not cause srgnlfrcant reduct~oni in 
$or1 irrttate-n~rrogen, leaf cl~lctro~~hyll content, and cotton y~clcJ.. FUI-thcl- 
more, the conlroi plots here the ctrily plctri with a nitrogen wfirc~ency 
~riclcv of < 90% Peter\on et al ( 1  993) \ugge\t thdt In corn a nit~ogen 
iulf icicncy index 01 lei., than 95'/r rndtcate\ nitiogen def tc~ency No 
data uct\ avrtllable for cotton. Flowekel, thew result5 iugge\t that the 
optimttm :imourit of nrtrogcn ncedetl In thri experiment to maxtm~ze 
cotton yield and reduce the potential of nitrltte teaching i i  40 hg N ha I 

U \ I I I ~  any of the three form\ 

TABLE 3. Soil nitrate-nitrogen, cotton leaf chlorophyll, and cotton yield as influ- 
enced by source and rate of nitrogen applied, Belle Mina, AL, 1997. 

Treatments Soil nitrate-n~trogen Leaf chlorophyll content Cotton yield 

(Ppm) ( 9 3 ; )  (kg ha 1)  

Control 8.6' 0.43C" 760d 
Control + CMP 8.8' 0.42d 870cd 
40 kg N ha 1 Urea 16.5" 0.46"hcd 727@3h!: 
40 kg N ha Urea +CMP 15.8' 0.45"h"d 12103°C 
40 kg N ha ' FPL 1 g,3ahcdc ~,~$pk: :"  1250ah 
40 kg N ha I FPL. + CMP 18.3Cde 0.4 Sabcd 1255ah 
40 kg N ha 1 CPL 16.3e 0.44bc* 11 lobed 
40 kg N ha I CPL t CMP 16.3" 0.45"bcd 721 5abc 
80 kg N ha Urea 22.8"h 0.48ab 1340"" 
80 kg N ha 1 Urea + CMP 21.pt1cd 0,4pbcd 1435ak' 
80 kg N ha I FPL 23.4" 0.4V 1525" 
80 kg N ha ' FPL + CMP 1CJ.8&hcdi! 0.46;'hcd 1525" 
80 kg N ha CPL 19.ld" 0,46&h"d 1335aO 
80 kg N ha CPL + CMP 17.1" ~,$,fabcii  1265"b 
120 kg N ha Urea 23.0cit) 0 47ati~d 1485" 
120 kg N ha Urea i CMP 21 p h c  0,4ph;d 1495" 

120 kg N ha ' FPL 22.4ab" 0.4pbc 1550" 
120 kg N ha I FF". + CMP 2 1.4"hcd 0,47atxd 1560" 
120 kg N ha I CPL 1 7.611c 0,44ab(:1? 1335"b 

120 kg N iia ' CPL -t CMP f G.3" 0.43Cd 1490" 

'Means will1 the sanie letter are no: sicjnificailtiy different at p < 0.05 



The uie 01 the relatioi~ih~p ( I  e., be\( I l t  mocicl) betlteen h ~ p c r -  
ipcct~ r z l  reflectatice drrta and leaf chlorophyll may :tilow fcx tneri to ac- 
4e\\ crop leaf chloroph~ll, an rndicatot rtf nitrogen dctlcicncy Addr- 
t ~ o ~ ~ a i l y .  (;IS can be nicci to \patla1 tI~\plaq diitd collected from ftcicii, 
thus allowtrig for ionte general v ~ \ u , ~ l  it?terpretation of dat~r O~e t a l l .  
o n 1  rcsulti \usgeit that hypcripcctt:il ren3otc sen\il~g technology ha4 
the potenttal t o  contr ~bute  towatd improving the ettrciencj o f d ~ p l ~  tng 
nutllent\ to ,~gncultur,ll field\ and con\equently reciuctng env~runmen- 
tal pollutzon. 

liitng hqperipectral rett-iote setisrng as a tort1 fi)rprec~\ioii agriculture 
r \  ,r new field c t t  rehearch and Si~tiire work IS needed to further explore 
the full potentla1 of thth technology 

REFERENCES 

C;~ttrphell. J .  K .  I90h. It~trt~ducti~~tr to lieincite Senhing, Secoitd Edition. 'l'he Guilford 
F're.;\. Ne\v YOI-k, N Y .  

i'1i;tpinan. S. C. :ir~d I f .  J. rJar.settc>. 1')97. Using ;I chloropltyll meter to catin-ratc spccil'ic 
lcsl r~irrogen of tropical rii;ii/c Airing vcgci;~rive gniwth. Apon. J.. 84, p p  557-5h?. 

[lick, J .  13. anti  kt. A. 'l';~b;~iabai. 1079. Ion cltr-onlalogr;r[)l-lie determin;~tion of \~~ll';ile 
~ I I I C ~  i1itr8tc in s(%ils. Si)il Sci. Soc. Arii. J . ,  !lZ, pp. 899-904. 

G;itcs, I). i\,f.. F.1. .J. licegall. V. R .  S~,liletes. ;rud V. l i .  Wciil~tcr. 19155. Spectral proper- 
lies ol' pl;knts. ~Applicil Oplics, 4( 1 ), pi'. 1 I -20.  

Ciold. A.  . I . .  \V. K. DcTi;lgoii, W. M. Sulliva, anti 1 .  I .. 1,cr-riunyot~. 10c40. Nitt-ale-nitro- 
gcn los\cs to grour~tf\vu~cr I'ruril run11 ant1 suhurbair lantl uses. J. Soii Water (:onscr-. 
vatit.rti, 4.5, pp. 305.-310. 

V a l  bs,  11. M., S. D. Kl;iusr~cr, and W. S. lieid. 1Yl1. Kitropeti anif (lie Envit.orlrllznt. 
I1iforrli;ctic~i~ H~i11~:tin 11 8. C*orr~cll Coopcr;ttivc E ~ t ~ n s i o r i .  

F'r~crson, T. A,.  T. ?il. Rlnchiner, I). D. Francih, ;illd J. S. Schepcr. 1993. Ne(Kii.~itic: 
lisillg a (:hlorophyll kletcr to Irliprove N M:in:rgernent. ('oopet-ati\,e Ilutension, In-. 
stitrite of' .\;,rici~lrur.e ;inti Nat111-;1l IZ~SOIII-ces, liiiilcrsity [I!' Y~hr;t'il<;~-l.i11colit. No. 
Gf43- I I7 I -;A. 

Kecney, I), I<. l')i(t~. S ~ J I I S L . ~ ~  111. riits;ltc; to gt-o~~rtdws~cr.  ('ltC7 C'rif. Kc\.. Eriviron. Con-- 
!I- l l i ,  16, [>[), 257-:304. 

Kc.clinp, K .  ,I., 1). I let-(I. ;ind i i .  [.-. Kq:l;int. I99.5. I~ft'cctivcncss of cornptrstctl Inanurc 
I'oi- siipplyirig nritsicvrrs. Pp. 77-81, In 1-el-tilirer, jig-l.iirle ;~ntl Pcst Msn~lpcrnciir 
('ant‘., Mxtiison. W1, 1'7-1 8 Jan. lO"1.5. Ilcpt. of Soil Scicncc. i!tit\'. ot' Wisconsin. 
h,fatlih~>n' '81. 

SAS I~l\tiiute. 1987. SAS systzm lor pet-wtl;tl i.orr>puter\. Itelcase 6.04. SAS Itist.. 
(';iry NIT. 



Sisi~l i t i i . .  '1'. K.. I<. M. Ff~l'l 'er, and M. M. Sc.l~t-cibcr. 1971. i\leflcct;ince i c i i i l  inlei-rial 
\trUCIot-c: 01' leaves f r o n ~  se\.cs:tl csctps t l i i r ing ;i growi t ip  w t s o n .  Agr-onoriiy 1ourn;tl. 
h.3, pp. Xh4--808. 

I... S, l i i rv i t~ i~ i i r i icnt ; l l  Pi.orccriori Agency.  1070. (Joality C'ritcr.i;~ for Watcr'. Pub. 
140-9.-76-023. IISISPS. C'incitinati, 01-1. 

Wallace. A. 1004. High-pscc i \ ion apriculruse is  an exce l le t i~  tot11 for conxcrvatior i  ol' 
naru~.al r.esousccc. Common.  So i l  Sci. t'lanr Anal.. 25. pi?, 45-49, 

IIECkIVED: 03/09/0 1 
IIEVTSED: 05/02/02 

AC'C'EP'I'ED: 05/20/02 

Jz, For FACULTY/PROFESSIQNA LS with journal subscription 
recommendation authority for their institutional library. . . 
If you have read a reprint or photocopy of this artlcle would you like to 
make sirre that your library also subscribes to thrs joiirnal? If you have 
the authority to reconinlend siibscr~ptions to your Irbtary, we will send yo11 
a free complete (print edition) sample copy for review wilh yoiit librarian 

i . Fill oiit the forrn below aticl niake sure that you type or write oirt clearly both the name 
of the jot~rrial and your own rianie arid address. Or send your request via e-mall to 
docdeliver y@haworihpress.com including in the subject line ''Sample Copy Requesl" 
and the title of this journal. 

2. Make sure to tnclude your nanie and complete postal mnillng address as well as your 
tnstitutiorial/ager~cy library riarne in ttie text of your e-mail. 

[Please rioie we cdrinut rriail speai~c jourrldl sarnples, siicli as tile? issue iri wtiich d specific aiticle appears. 
Sample ,$sues aro provided ,mth the hope that you rnigl?t ioview a possihio subscrig~tiori'c-stihsc~~ptioii rnlh 
yoii~ in:;f~tution's Iibrariaii. 1 tic-re is no cheigu 10s en instili~lior~icampus-wide electronic siibscripiion 
concorrect with Ihc archival prlnt edition subso?ptio!i.j 

U I/€$! Please send m e  a complimentary sample of this journal: 

(please write complete journal title here-do not leave blank) 

I will show this jotrrnal to oitr institutional or agency library for a possible strbscrtption. 

Institution/Ager~cy Library. 

Name: 

Institution. 

Address 

City State ZIP 
Return to Sample Copy Department,The Haworth Press, lnc . 

10 Altce Street, Binqhamton. NY 13904-1580 


